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(54) Automatic gain control apparatus 

(57) In an automatic gain control amplifier (AGCa), 
an RF automatic gain controller (2) controls the gain of 
a radio frequency signal (Srf). A frequency converter (3, 
4) frequency-converts the radio frequency signal (Srfa) 
into an intermediate frequency signal {Sifa). An IF auto- 
matic gain controller (5) controls the gain of the interme- 
diate frequency (Sifa). A level detector (LDa) detects a 
signal level of the gain-controlled intermediate frequen- 
cy signal (Sifa), and generates a level signal (SLa). An 
automatic gain control signal generator (SGa, SGb) 
separately controls, based the level signal (SLa, SLb), 
the RF automatic gain controller (2) and the I F automatic 
gain controller (5). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to apparatuses 
for receiving television and radio broadcasting, espe- 
cially digital broadcasting. 

Description of the Background Art 

[0002] Shown in FIG. 14 is the structure of an auto- 
matic gain control apparatus (hereinafter referred to as 
AGC apparatus) conventionally used for a digital broad- 
cast receiving apparatus. The AGC apparatus AGC in- 
cludes a tuner 30, an A/D converter 6, a level detector 
LD, and an automatic gain control signal generator 
(hereinafter, AGC signal generator) SG. The tuner 30 
includes an RF automatic gain controlled for controlling 
the gain of a digital broadcast wave RF, a mixer 3, an 
oscillator4. an IF automatic gain controller5 for control- 
ling the gain of an intermediate frequency signal Sif, and 
an RF gain control point setter 40. 
[0003] In the tuner 30, the RF automatic gain control- 
ler 2 carries out automatic gain control and amplification 
of the digital broadcast wave flFfor generating a digital 
broadcast wave Srf. This amplification is carried out 
based on an RF automatic gain control signal (herein- 
after, RF AGC signal) SAGrsupplied by the RFgain con- 
trol point setter 40. The mixer 3 frequency-converts the 
digital broadcast wave Srf for generating the intermedi- 
ate frequency signal Sif. This frequency conversion is 
carried out based on a reference frequency signal SB 
supplied by the oscillator 4. The IF automatic gain con- 
troller 5 carries out automatic gain control and amplifi- 
cation of the intermediate frequency signal (hereinafter, 
IF signal) S/Tfor generating an modulated analog signal 
SMA. In short, the tuner 30 generates the modulated 
analog signal SMA by frequency-converting and ampli- 
fying the digital broadcast wave RF received via an an- 
tenna. 

[0004] The A/D converter 6 converts the modulated 
analog signal SMA from analog to digital for generating 
a modulated digital signal SMD. The modulated digital 
signal SMD is outputted to the following demodulation 
processing and also to the level detector LD. 
[0005] The level detector LD detects the average level 
of the modulated digital signal SMD, and generates a 
level signal SL. The level signal SL indicates the level 
of the output from the IF automatic gain controllers, that 
is, the level of the modulated analog signal SMA. 
[0006] The AGC signal generator SG generates an 
automatic gain control signal (hereinafter, AGC signal) 
SAG based on the level signal SL. The AGC signal SAG 
is a control signal for controlling the gain of the RF au- 
tomatic gain controller 2 and the IF automatic gain con- 
troller 5. 



[0007] The RF gain control point setter 40 generates, 
based on the AGC signal SAG, an IF automatic gain 
control signal (hereinafter, IF AGC signal) SAG! for con- 
trolling the I F automatic gain controller 5 and an RF au- 
5 tomatic gain control signal (hereinafter, RF AGC signal) 
SAGrfor controlling the RF automatic gain controller 2. 
[0008] Shown in FIG. 15 is the structure of the level 
detector LD in detail. The level detector LD includes a 
subtracter 12, an adder 13, a delay unit 14, and a bit 
10 shifter 15 (represented as "2- /7 " in FIG. 15). Note that n 
represents the number of shift bits. The adder 13 and 
the delay unit 14 form an integrator 100. For example, 
if an average value is obtained from 128 = 2 7 values of 
data, n is set to 7. If obtained from 2048 = 2 12 data val- 
15 ues. n is set to 12. 

[0009] The digital modulated signal SMDcoming from 
the A/D converter 6 goes to the subtractor 12, where an 
averaged signal YI2P received from the bit shifter 15 is 
subtracted from the modulated digital signal SMD. Then , 
20 the subtraction result is outputted to the integrator 1 00. 
[0010] Shown in FIG. 16 is the structure of the AGC 
signal generator SG in detail. The AGC signal generator 
SG includes a subtractor 1 6, a reference value provider 
1 7, a multiplier 1 8, a constant provider 1 9, an integrator 
25 22, a level converter LC, a PWM (Pulse Width Modula- 
tor) 42, and a low-pass filter 43. The integrator 22 in- 
cludes an adder 20 and a delay unit 21 . The level con- 
verter LC includes a multiplier 23, an inverse coefficient 
provider 24, an adder 38, and a compensation coeffi- 
30 cient provider 39. 

[0011] The subtractor 16 finds an error between the 
level signal SL supplied by the level detector LD and a 
predetermined reference value R supplied by the refer- 
ence value provider 16, and generates an error signal 
35 SE. Note that, forthe purpose of simplifying the descrip- 
tion, signals and parameters may hereinafter be simply 
represented by reference characters as required. The 
multiplier 1 8 multiplies the error signal SE received from 
the subtractor 1 6 by a constant G received from the con- 
40 stant provider 19 to generate G • SE for output to the 
integrator 22. 

[0012] In the integrator 22, the delay unit 21 first de- 
lays G • SE outputted from the multiplier 1 8 by a control 
cycle t, and then the adder 19 adds the delayed signal 
45 to a current output from the multiplier 1 8 for integration 
of G • SE. The integration result is outputted as an inte- 
grated signal Zfrom the delay unit 21 to the adder 20 
and the level converter LC Note herein that one control 
cycle is a sequence of control processing successively 
50 carried out in the conventional automatic gain controller 
orthe automatic gain controller according to the present 
invention, andtheircomponents. Also notethat onecon- 
trol cycle period is a time period required for execution 
of one control cycle, that is, a period from start of one 
55 control cycle until before start of the next control cycle. 
[0013] In the level converter LC, the multiplier 23 mul- 
tiplies the integrated signal Zoutputted from the integra- 
tor 22 by "-1 " outputted from the inverse coefficient pro- 
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vider 24 to invert the polarity of the integrated signal Z, 
and generates -Z The adder 38 adds a compensation 
coefficient OB provided by the compensation coefficient 
provider 39 to -Zprovided by the multiplier 23, and gen- 
erates -Z+OB. The PWM 42 modulates the pulse width 
of -Z+OB received from the adder 38 to generate a 
square-wave signal Sr. The low-pass filter 43 extracts 
low-frequency components from the square-wave sig- 
nal Sr supplied by the PWM 22 to generate the AGC 
signal SAG having a predetermined control voltage. 
Consequently, the gain of a loop formed by thetuner 30, 
the level detector LD, and the AGC signal generator SG 
is adjusted. 

[001 4] The level converter LC is briefly described be- 
low. The level converter LC is provided to normalize the 
value of the integrated signal Zoutputted from the inte- 
grator 22 before processed by the PWM 42 for correct 
gain control. Therefore, the inverse coefficient provider 
24 provides the inverse coefficient, that is, a predeter- 
mined negative value, to the multiplier 23 for inverting 
the polarity of the integrated signal Z. The compensation 
coefficient provider 39 provides, for the sake of conven- 
ience of the processing in the PWM 42, the compensa- 
tion coefficient OB having a predetermined value for 
compensating the inverted integrated signal Z (-Z) so 
that it takes a positive value or 0. 
[0015] The value of the compensation coefficient OB 
is determined based on the inverse coefficient provided 
by the inverse coefficient provider 24 and the number of 
output bits of the integrator 22. Now, consider the case 
where the inverse coefficient is -1, and the number of 
output bits of the integrator 22 is 12. In this case, the 
integrated signal Z takes a value in the range of -2048 
to +2047. If the compensation coefficient OB is set to 1 2 
bits (OB = 2048), which is the number of output bits of 
the integrator 22, the value of -Z+OB outputted from the 
adder 38 falls within the range of 0 to +4095. 
[0016] If the error signal SE indicates 0. the value of 
-Z+ OB outputted from the adder 38 falls within the range 
of +2048 (OB). If the error signal SFhas a negative val- 
ue, -Z+OB falls within the range of 0 to +2047. As such, 
correct gain control can be achieved according to the 
average level of the digital broadcast wave Srf. 
[0017] In other words, when a predetermined time has 
passed and the outputs from the integrator 22 become 
converged, the signal indicating any one of thefollowing 
three values is supplied to the PWM 42, where the 
number of output bits of the integrator 22 is 1 2. 
[0018] Firstly, the output from the integrator 22 has a 
positive value if the average level of the digital broadcast 
wave RF'\s higher than the reference value R set in the 
reference value provider 1 7. Therefore, the PWM 42 re- 
ceives a value of less than 2048. 
[0019] Secondly, the PWM 42 receives a value of 
2048 if the average level of the digital broadcast wave 
RF\s equal to the reference value R. 
[0020] Thirdly, the PWM 42 receives a value of equal 
to or larger than 2049 if the average level of the digital 



broadcast wave RF\s lower than the reference value R 
[0021] Shown in FIG. 17 are waveforms of the square- 
wave signal Sr. In the PWM 42, the pulse width of the 
square-wave signal Sr is changed according to the re- 

5 ceived -Z+OB. For example, if -Z+OB is 4095, the 
square-wave signal Srconstant at 1 is outputted, as rep- 
resented by a waveform H/1 . If -Z+OB is 2048, the 
square-wave signal Sr alternately indicating 0 and 1 is 
outputted, as shown in FIG. 17, as represented by a 

10 waveform W2. If -Z+OB is 0, the square-wave signal Sr 
constant at 0 is outputted, as represented by a wave- 
form W3. 

[0022] Then, the square-wave signal Sr is converted 
by the low-pass filter 43 into the AGC signal SAG having 
15 a DC voltage. Then, the AGC signal SAG is outputted 
to the RF gain control point setter 40. 
[0023] The RF gain control point setter 40 generates 
the RF AGC signal SAGrfox attenuating the gain of the 
RF automatic gain controller 2 when the value of the 
20 AGC signal SAG becomes lower than a predetermined 
value. The RF gain control point setter 40 also gener- 
ates the IF AGC signal SAGi\ or always varying the gain 
of the IF automatic gain controller 5. 
[0024] FIGS. 15 and 1 6 schematically illustrate proe- 
ms esses on various signals generated in the level detector 
LDand the AGC signal generator SG in an arbitrary con- 
trol cycle t. Throughout this specification, the control cy- 
cle is represented as t. That is, a control cycle previous 
to the control cycle t is represented as t with a natural 
30 number added thereto, and the one next thereto as fwith 
a natural number subtracted therefrom. As such, the 
control cycle t is also a parameter indicating a relative 
time. Furthermore, forthe sake of convenience, the con- 
trol cycle t may be simply referred to as V, and also 
35 each signal and parameter may be referred to as its ref- 
erence character. 

[0025] As shown in FIG. 15, the subtractor 12 of the 
level detector LD subtracts the averaged signal Y(t+1)/ 
2 n supplied by the bit shifter 15 from SMD (t) supplied 

40 by the A/D converter 6 to generate SMD(f)-Y(t+-\)/2 n . 
[0026] The adder 13 of the integrator 1 00 adds SMD 
(t)-Y(M)/2 n supplied by the subtractor 12 to the inte- 
grated signal V(f+1) supplied by the delay unit 14 to gen- 
erate SMD (t)- V(f+1 )/2 n +Y(t+1 ) = SMD(t)+ V(f+1 )(1 -2' n ). 

45 [0027] The delay unit 1 4 delays SMD{f)+ V(f+1 ) (1 -2" n ) 
outputted from the adder 13 by one control cycle t to 
generate an integrated signal Y(t+~\). 
[0028] The bit shifter 15 shifts the integrated signal Y 
(f+1) by the predetermined number of shift bits n to gen- 

50 erate an averaged signal Y(t+1)/2 n . This averaged sig- 
nal Y(t+1)/2 n \s equivalent to the average of 2 n data val- 
ues of the modulated digital signal SMD supplied to the 
level detector LD. In this sense, the number of shift bits 
n defines the number of data values required for finding 

55 the average value by the bit shifter 15. In other words, 
2 n is the number of data values required for finding the 
average value of the modulated digital signal SMD sup- 
plied to the level detector LD, and the number of shift 
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bits n is an averaging coefficient. Hereinafter, 2 n is re- 
ferred to as the number of data values for averaging. 
[0029] Next, as shown in FIG. 1 6, the subtractor 1 6 of 
the AGC signal generator SG subtracts the reference 
value R provided by the reference value provider 17 
from the level signal SL supplied by the level detector 
LDto generate the error signal SE(t). 
[0030] The multiplier 18 multiplies SE(t) supplied by 
the subtractor 16 by the constant G provided by the con- 
stant provider 19 to generate G • SE(f). 
[0031] The adder 20 of the integrator 22 adds G*SE 
(f) supplied by the multiplier 1 8 to the integrated signal 
Z(f+1 ) outputted from the delay unit 21 to generate G • 
SE(t)+Z(t+1). 

[0032] The delay unit 21 delays G* SE(t)+Z( f+1) sup- 
plied by the adder 20 by one control cycle t to generate 
the integrated signal Z(f+1). 

[0033] The multiplier 23 of the level converter LC mul- 
tiplies the integrated signal Z(f+1) received from the de- 
lay unit 21 by the inverse coefficient "-1" received from 
the inverse coefficient provider 24 to generate -Z(f+1 ). 
[0034] The adder 38 adds -Z(f+1 ) supplied by the mul- 
tiplier 23 to the compensation coefficient OB provided 
by the compensation coefficient provider 39 to generate 
-Z(f+1)+OR 

[0035] The PWM 42 modulates the pulse width of -Z 
(f+1)+OBsupplied by the level converter LC to generate 
a square-wave signal Sr. The low-pass filter 23 extracts 
low-frequency components from the square-wave sig- 
nal Sr supplied by the PWM 42 to generate the AGC 
signal SAG at a desired stable level. 
[0036] Shown in FIG. 18 are changes in the gain of 
the RF automatic gain controller 2 and the IF automatic 
gain controller 5 with respect to the digital broadcast 
wave RF. In FIG. 1 8, the vertical axis VA represents at- 
tenuation (dB) from the maximum gain, and the lateral 
axis LRF represents the level of the digital broadcast 
wave RF. A solid line LR represents gain attenuation of 
the RF automatic gain controller 2, while a dotted line Li 
represents that of the IF automatic gain controller 5. 
[0037] As is evident from FIG. 1 8, when the attenua- 
tion is 0, the maximum gain is observed for both of the 
RF and IF automatic gain controllers 2 and 5. Between 
-78dBm and -5dBm, the gain is attenuated mainly by the 
RF automatic gain controller 2, but also slightly by the 
IF automatic gain controller 5. This is because the ratio 
of the RF AGC signal to attenuation achieved by the RF 
automatic gain controller 2 is largerthan the ration of IF 
AGC signal to attenuation achieved by the IF automatic 
gain controller 5. 

[0038] When the level of the digital broadcast wave 
RF is in the ranges of OdBM to -178dBm and over 
-5dBm, the gain is attenuated only by the IF automatic 
gain controller 5. 

[0039] Under -78dBm, the RF automatic gain control- 
ler 2 generates the RF AGC signal SAGrlo prevent at- 
tenuation in itself. Over -5dBm, the RF automatic gain 
controller 2 can hardly attenuate the gain, and the IF 



automatic gain controller 5 automatically controls the 
gain. 

[0040] The reason of such control is that the gain of 
the RF and IF automatic gain controllers 2 and 5 has to 
5 be appropriately adjusted according to the level of the 
digital broadcast wave RF. More specifically, in a low 
electric field intensity where the digital broadcast wave 
f?Fis under -78dBm, degradation of the C/N (Carrier to 
Noise) ratio at the tuner 30 has to be prevented. In that 
10 case, control is carried out so that the noise factor at the 
tuner 30 becomes lower, that is, the gain of the RF au- 
tomatic gain controller 2 becomes maximum. 
[0041] As the level of the digital broadcast wave RF 
becomes higher the capabilities at the mixer 3 of sup- 
's pressing intermodulation-distortion interference and ad- 
jacent-channel interference have to be increased. 
Therefore, over -78dBm, the gain of the RF automatic 
gain controller 2 is mainly attenuated so that the level 
of the signal supplied to the mixer 3 does not become 
20 increased. Then, over -5dBm where the RF automatic 
gain controller 2 can no longer control the gain, the IF 
automatic gain controller 5 is started in operation. 
[0042] Shown in FIG. 19 are changes in the gain of 
the RF automatic gain controller 2 and the IF automatic 
25 gain controller 5 with respect to the level of the digital 
broadcast wave f?Fin an AGC apparatuses disclosed 
in Japanese Patent Gazettes Nos. 2699698 and 
2778260. Also in FIG. 19, the vertical axis ttt represents 
attenuation (dB) from the maximum gain, and the lateral 
30 axis LRF represents the level of the digital broadcast 
wave RF. A solid line LR represents gain attenuation of 
the RF automatic gain controller 2, while a dotted line LI 
represents that of the IF automatic gain controller 5. 
[0043] In these automatic gain controllers, for increas- 
es ing the capabilities of suppressing intermodulation-dis- 
tortion interference and adjacent-channel interference 
when the level of the digital broadcast wave RF is 
-78dBm, the gain of the RF automatic gain controller 
(corresponding to a low-noise amplifier in the above Ga- 
40 zette No. 2699698 and a first gain control circuit in the 
above Gazette No. 2778260) is maximized, whiled the 
gain of the IF automatic gain controller is attenuated. 
Over -78dBm ; the gain of the IF automatic gain control- 
ler is made constant, while the gain of the RF automatic 
45 gain controller is attenuated. Consequently, the maxi- 
mum attenuation is 65dBforthe RF automatic gain con- 
troller, and 17dB for the IF automatic gain controller. 
Therefore, the amount of change in gain, that is, a dy- 
namic range, of the receiver is 82dB. 
50 [0044] However, the receive level of the digital broad- 
cast wave for ground-wave digital broadcast receivers 
to display on television is -85dBm to 5dBm, and the dy- 
namic range is 90dB. Controlling the level of the RF in- 
put signal by both RF and IF automatic gain controllers 
55 requires some margin in dynamic range, and therefore 
the dynamic range has to be 100dB in reality. Also, for 
ensuring the dynamic range of 1 0OdB, the maximum at- 
tenuation of the IF automatic gain controller may be con- 
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trolled to 35dB, as shown in FIG. 20. 
[0045] In this case, however, when the level of the dig- 
ital broadcast wave RF\s under -60dBm, the gain of the 
RF automatic gain controller is maximized, while the 
gain of the IF automatic gain controller is attenuated. 
Over -60dBm, the former is attenuated, while the latter 
is made constant. Consequently, the attenuation of the 
RF automatic gain controlled at -50dBm is 13dB, there- 
by increasing the level of the signal supplied to the mixer 
3. Therefore, when the level of the digital broadcast 
wave is at -50dBm, for example, the capability of sup- 
pressing intermodulation-distortion interference is sig- 
nificantly degraded and, in turn, the capability of sup- 
pressing adjacent-channel interference is also signifi- 
cantly degraded. 

[0046] As stated above, in the conventional AGC ap- 
paratus AGC characterized by the changes in the gain 
of RF and I F automatic gain controller 2 and 5 as shown 
in FIG. 1 8 ; when the digital broadcast wave RF\s in the 
range of -78dBm to 1 5dBm, the gain of the RF automatic 
gain controller 2 is attenuated. In that range, the gain of 
the IF automatic gain controller 5 is also attenuated, al- 
though slightly, by approximately 7dB (changed from 
18dBto 25dB). 

[0047] For example, the gain attenuation of the IF au- 
tomatic gain controller 5 is 18dB when the level of the 
digital broadcast wave RFis at -78dBm, while 22dB at 
-50dBm. As a result, the attenuation is increased by 
4dB. Therefore, the signal supplied to the mixer 3 is in- 
creased in level by 4dB at -50dBm, compared with the 
case where the gain attenuation of the IF automatic gain 
controller 5 does not change at all in the range of 
-78dBm to -5dBm. Such increase disadvantageously 
causes degradation by 4dB in the capability of sup- 
pressing intermodulation-distortion interference and, in 
turn, the capability of suppressing adjacent-channel in- 
terference. 

[0048] In another example, the gain attenuation of the 
IF automatic gain controller 5 is 1 8dB when the level of 
the digital broadcast wave RF\s at -78dBm, while 25dB 
at -5dBm. As a result, the attenuation is increased by 
7dB. Therefore, the signal supplied to the mixer 3 is in- 
creased in level by 7dB at -5dBm, compared with the 
case where the gain attenuation of the IF automatic gain 
controller 5 does not change at all in the range of 
-78dBm to -5dBm. Such increase disadvantageously 
causes degradation by 7dB in capability of suppressing 
intermodulation-distortion interference. 
[0049] Furthermore, in the above Gazettes, when 
ground-wave digital broadcasting is received, the 
strongerthe capability of suppressing adjacent-channel 
interference is made, the narrower the dynamic range 
becomes. And, the wider the dynamic range is made, 
the weaker the capability of suppressing intermodula- 
tion-distortion interference becomes, resulting in signif- 
icant degradation of the capability of suppressing the 
adjacent-channel interference. 



SUMMARY OF THE INVENTION 

[0050] Therefore, an object of the present invention is 
to solve the above problems by providing an AGC ap- 
5 paratus that can achieve a wider dynamic range without 
impairment of the capabilities of suppressing intermod- 
ulation-distortion interference and adjacent-channel in- 
terference. 

[0051] The present invention has the following fea- 
10 tures to attain the object above. 

[0052] A first aspect of the present invention is direct- 
ed to an automatic gain control apparatus that compris- 
es an RF automatic gain controller for controlling gain 
of a radio frequency signal; a frequency converter for 
15 frequency-converting the radio frequency signal into an 
intermediate frequency signal; an IF automatic gain con- 
troller for controlling gain of the intermediate frequency 
signal; a level detector for detecting a signal level of the 
intermediate frequency signal with the gain controlled, 
20 and generating a level signal; and automatic gain control 
signal generator for generating, based on the level sig- 
nal, an RF automatic gain control signal for controlling 
the RF automatic gain controller and an IF automatic 
gain control signal for controlling the IF automatic gain 
25 controller, to separately control the RF automatic gain 
controller and the IF automatic gain controller. 
[0053] As described above, in the first aspect, the RF 
and IF automatic gain controllers are separately control- 
led. Therefore, it is possible to improve the capabilities 
30 of suppressing adjacent-channel interference and inter- 
modulation-distortion interference with a large dynamic 
range. 

[0054] According to a second aspect, in the first as- 
pect, if the level signal indicates a level equal to or lower 
35 than a first predetermined level, the automatic gain con- 
trol signal generator fixes the gain of the RF automatic 
gain controller to a maximum value, and changes the 
gain of the IF automatic gain controller, if the level signal 
indicates a level higherthan the first predetermined level 
40 and equal to or lower than a second predetermined lev- 
el, the automatic gain control signal generator fixes the 
gain of the IF automatic gain controller to the first pre- 
determined value, and changes the gain of said RF au- 
tomatic gain controller. If said level signal indicates a 
45 level higherthan said second predetermined level, said 
automatic gain control signal generator fixes the gain of 
said RF automatic gain controller to a second predeter- 
mined value, and changes the gain of the IF automatic 
gain controller. 

50 [0055] As described above, in the second aspect, the 
same effects as in the first aspect can be achieved with 
the dynamic range more varied. 

[0056] According to a third aspect, in the first aspect, 
if the level signal indicates a level equal to or lower than 
55 a third predetermined level, the automatic gain control 
signal generator fixes the gain of the RF automatic gain 
controller to a maximum value. If the level signal indi- 
cates a level higherthan the third predetermined level 
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and equal to or lower than a fourth predetermined level, 
the automatic gain control signal generator changes the 
gain of the IF automatic gain controller. If the level signal 
indicates a level higher than the fourth predetermined 
level, the automatic gain control signal generator fixes 
the gain of the RF automatic gain controller to a third 
predetermined value . If the level signal indicates a level 
equal to or lower than a fifth predetermined level, the 
automatic gain control signal generator changes the 
gain of the IF automatic gain controller. If the level signal 
indicates a level higherthan the fifth predetermined level 
and equal to or lower than a sixth predetermined level, 
the automatic gain control signal generator fixes the 
gain of the IF automatic gain controller to a fourth pre- 
determined value. If the level signal indicates a level 
higherthan the sixth predetermined level, the automatic 
gain control signal generator changes the gain of the IF 
automatic gain controller. 

[0057] As described above, in the third aspect, the 
same effects as in the second aspect can be achieved. 
[0058] According to a fourth aspect, in the third as- 
pect, the automatic gain control apparatus further com- 
prises a microcomputer for setting the first and second 
predetermined levels at which the gain of the RF auto- 
matic gain controller and the gain of the IF automatic 
gain controller is changed or fixed, a parameter indicat- 
ing a gradient of the radio frequency signal to the RF 
automatic gain control signal while the gain of the RF 
automatic gain controller is changed, and a parameter 
indicating a gradient of the radio frequency signal to the 
IF automatic gain control signal while the gain of the IF 
automatic gain controller is changed. 
[0059] As described above, in the fourth aspect, the 
same effects as in the first to third aspect can be 
achieved with a smaller circuit in size. 
[0060] According to a fifth aspect, in the third aspect, 
the automatic gain control apparatus further comprises 
a microcomputer for setting the third and fourth prede- 
termined levels at which the gain of the RF automatic 
gain controller is changed orfixed according to the radio 
frequency signal, the fifth and sixth predetermined lev- 
els at which the gain of the IF automatic gain controller 
is changed or fixed according to the radio frequency sig- 
nal, a parameter indicating a gradient of the radio fre- 
quency signal to the RF automatic gain control signal 
while the gain of the RF automatic gain controller is 
changed, and a parameter indicating a gradient of the 
radio frequency signal to the IF automatic gain control 
signal while the gain of the IF automatic gain controller 
is changed. 

[0061] As described above, in the fifth aspect, in ad- 
dition to the same effects as in the fourth aspect, influ- 
ences of variations in quality of the tuner can be re- 
duced. 

[0062] These and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 



accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0063] 

FIG. 1 is a block diagram depicting the structure of 
an automatic gain control (AGC) apparatus accord- 
ing to a first embodiment of the present invention; 

10 FIG. 2 is a block diagram depicting the structure of 
a first level detector shown in FIG. 1; 
FIG. 3 is a block diagram depicting the structure of 
a automatic gain control (AGC) signal generator 
shown in FIG. 1 ; 

15 FIG. 4 is a diagram showing an input-to-output char- 

acteristic of an RF/IF gain control signal generator 
shown in FIG. 1 ; 

FIG. 5 is a diagram showing attenuation character- 
istics of an RF input signal level to an RF automatic 
20 gain controller and an IF automatic gain controller 
shown in FIG. 1 ; 

FIG. 6 is a diagram showing an input-to-output char- 
acteristic of the RF/IF gain control signal generator 
in one example modification of the AGC apparatus 

25 shown in FIG. 1; 

FIG. 7 is a diagram showing attenuation character- 
istics of an RF input signal level to an RF automatic 
gain controller and an IF automatic gain controller 
in the modification example of the AGC apparatus 

30 shown in FIG. 1 ; 

FIG. 8 is a diagram showing attenuation character- 
istics of the RF input signal level to the RF automatic 
gain controller and the IF automatic gain controller 
in the example modification of the AGC apparatus 

35 shown in FIG. 1 . when the attenuation of the RF au- 
tomatic gain controller is relatively small due to var- 
iations in quality of a tuner; 

FIG. 9 is a diagram showing attenuation character- 
istics of the RF input signal level to the RF automatic 
40 gain controller and the I F automatic gain controller 
when the attenuation of the RF automatic gain con- 
troller is relatively small due to variations in quality 
of the tuner; 

FIG. 1 0 is a block diagram showing the structure of 
45 an AGC apparatus according to a second embodi- 
ment of the present invention; 
FIG. 11 is a block diagram showing the structure of 
an RF/IF gain control signal generator shown in 
FIG. 10; 

50 FIG. 12 is a diagram showing one example modifi- 
cation of the AGC apparatus shown in FIG. 10; 
FIG. 13 is a block diagram showing the structure of 
an RF/IF gain control signal generator as shown in 
FIG. 12; 

55 FIG. 14 is a block diagram showing the structure of 
a conventional AGC apparatus; 
FIG. 15 is a block diagram showing the structure of 
a level detector shown in FIG. 14; 
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FIG. 16 is a block diagram showing an AGC signal 
generator shown in FIG. 14; 
FIG. 17 is a block diagram showing PWM output 
waveforms in the AGC apparatus shown in FIG. 14; 
FIG. 18 is a diagram showing attenuation charac- 
teristics of an RF input signal level to an RF auto- 
matic gain controller and an IF automatic gain con- 
troller in the AGC apparatus shown in FIG. 14; 
FIG. 19 is a diagram showing attenuation charac- 
teristics of an RF input signal level to an RF auto- 
matic gain controller and an IF automatic gain con- 
troller in the AGC apparatuses disclosed in Japa- 
nese Patent Gazettes Nos. 2699698 and 2778260, 
when suppressing adjacent-channel interference is 
of primary concern; and 

FIG. 20 is a diagram showing the attenuation char- 
acteristics as in FIG. 19, when widening the dynam- 
ic range is of primary concern. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0064] With reference to FIGS. 1, 2, 3, A, 5, 6, 7, 8, 
and 9, described below first is an automatic gain control 
(AGC) apparatus according to a first embodiment of the 
present invention. Then, with reference to FIGS. 10, 11, 
12, and 13, described is an AGC apparatus according 
to a second embodiment of the present invention. 

(First embodiment) 

[0065] With reference to FIGS. 1 through 9, described 
below is the AGC apparatus of the first embodiment. Pri- 
or to that, the basic concept of the present invention is 
first described. In the present invention, an RF automat- 
ic gain controller and an I F automatic gain controller are 
separately controlled. With this control, the present AGC 
apparatus can improve the capabilities of suppressing 
intermodulation-distortion interference and adjacent- 
channel interference with a wide dynamic range. 
[0066] As shown in FIG. 1 , the AGC apparatus AGCa 
includes a tuner 30, an A/D converter 6, a level detector 
Lda, and an automatic gain control signal generator 
(hereinafter, AGC signal generator) SGa. The tuner 30 
frequency-converts and amplifies a digital broadcast 
wave RF received by an antenna to generate an analog 
signal SMAa. The tuner 30 includes an RF automatic 
gain controller 2, a mixer 3, an oscillator 4, and an IF 
automatic gain controller 5. 

[0067] In the tuner 30, the RF automatic gain control- 
ler 2 carries out automatic gain control and amplification 
on the digital broadcast wave RFXo generate a digital 
broadcast wave Srfa. This is done based on an RF au- 
tomatic gain control signal (hereinafter, RF AGC signal) 
SAGra supplied by the AGC signal generator SGa. The 
mixer 3 frequency-converts the digital broadcast wave 
Srfa to an intermediate frequency signal Sifa. This is 
done based on a reference frequency signal SB sup- 



plied by the oscillator 4. The IF automatic gain controller 
5 carries out automatic gain control and amplification on 
the intermediate frequency signal Sifa to generate a 
modulated analog signal SMAa. This is done based on 
5 an IF automatic gain control signal (hereinafter IF AGC 
signal) SAGia supplied by the RF gain control point set- 
ter 40. 

[0068] The A/D converter 6 converts the modulated 
analog signal SMAa from analog to digital to generate 
10 a modulated digital signal SMDa. The modulated digital 
signal SMDa is outputted to the following demodulation 
processing and also to the level detector LDa. 
[0069] The level detector LDa detects the average 
level of the modulated digital signal SMDa, and gener- 
is ates a level signal SLa. This level signal indicates the 
level of the output from the IF automatic gain controller 
5, that is, the average level of the modulated analog sig- 
nal SMA. 

[0070] The AGC signal generator SGa generates, 
20 based on the level signal SLa, the I F AGC signal SAGia 
and the RF AGC signal SAGra. 

[0071] Shown in FIG. 2 is the level detector LDa in 
detail. As with the conventional level detector LD struc- 
turing the AGC apparatus AGC already described by re- 

25 ferring to FIG. 15, the level detector LDa includes a sub- 
tractor 1 2, an adder 1 4, a delay unit 1 4, and a bit shifter 
1 5. Here, the number of shift bit n for the level detector 
LDa is equal to that for the level detector LD (in this ex- 
ample, n = 12). 

30 [0072] With reference to FIG. 3, the AGC signal gen- 
erator SGa is described. The AGC signal generator SGa 
includes a subtractor 16, a reference value provider 17, 
a multiplier 18, a constant provider 19, an integrator 22, 
a level converter LC, an RF/IF gain control signal gen- 

35 erator 25a, a PWM 42/, a PWM 42r, an LPF (low-pass 
filter) 43/, and an LPF (low-pass filter) 43r. The reference 
value provider 1 7 outputs a reference value R for con- 
trolling the digital broadcast wave SMAa outputted from 
the tuner 30 to have a desired value. The constant pro- 

40 vider 1 9 provides a constant Gfor determine the gain of 
a loop formed by the tuner 30, the level detector LDa. 
and the AGC signal generator SGa. The integrator 22 
includes an adder 20 and a delay unit 21 . The level con- 
verter LC includes a multiplier 23, an inverse coefficient 

45 provider 24, an adder 38, and a compensation coeffi- 
cient provider 39. 

[0073] The subtractor 16 finds an error between the 
level signal SLa provided by the level detector LDa and 
the reference value R provided by the reference value 

50 provider 17, and generates an error signal SEa. The 
multiplier 1 8 multiplies the error signal SEa found in the 
subtractor 1 6 by the constant G received from the con- 
stant provider 19, and outputs the multiplication result 
G • SEa to the integrator 22. 

55 [0074] In the integrator 22, the delay unit 21 delays G 
• SEa received from the multiplier 1 8 by one control cy- 
cle t, and then the adder 1 9 adds itto the current output. 
As such, the integrator 21 integrates G* SEa. The inte- 
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gration result is outputted as an integrated signal Za to 
the adder 20 and the level converter LC. 
[0075] In the level converter LC, the multiplier 23 mul- 
tiplies the integrated signal Za by an inverse coefficient 
"-1" received from the inverse coefficient provider 24, 5 
thereby inverting the polarity of the integrated signal Za 
to generate -Za. The adder 38 adds the compensation 
coefficient OB supplied by the compensation coefficient 
provider 39 to -Za supplied by the multiplier 23 to gen- 
erate -Za+OB. 

[0076] The RF/IF gain control signal generator 25a 
generates, based on -Za+OB received from the adder 
38, an IF level signal SL/and an RF level signal SLr. The 
PWM 42/modulates the pulse width of the IF level signal 
SLi supplied by the RF/IF gain control signal generator 
25a, and generates a square-wave signal Sri. The LPF 
43/ extracts low-frequency components from the 
square-wave signal Sri supplied by the PWM 42/ and 
generates the IF AGC signal SAGi having a predeter- 
mined voltage. The PWM 42rmodulates the pulse width 
of the RF level signal SLr supplied by the RF/IF gain 
control signal generator 25a ; and generates a square- 
wave signal Srr. The LPF 43 r extracts low-frequency 
components from the square-wave signal Srr supplied 
by the PWM 42r, and generates the RF AGC signal SA- 
Gr having a predetermined voltage. 
[0077] The level converter LC is briefly described be- 
low. The level converter LC is provided to normalize the 
value of the integrated signal Za outputted from the in- 
tegrator 22 before processed by the RF/IF gain control 
signal generator 25 for correct gain control even if the 
value of integrated signal Za is larger than the reference 
value. Therefore, the inverse coefficient provider 24 pro- 
vides the inverse coefficient, that is, a predetermined 
negative value, to the multiplier 23 for inverting the po- 
larity of the integrated signal Za. The compensation co- 
efficient provider 39 provides, for the sake of conven- 
ience of the RF/IF gain control signal generator 25, the 
compensation coefficient OB having a predetermined 
valuefor compensating the inverted integrated signal Za 
(-Za) so that it takes a positive value or 0. 
[0078] The value of the compensation coefficient OB 
is determined based on the inverse coefficient provided 
by the inverse coefficient provider 24 and the number of 
output bits of the integrator 22. Now, consider the case 
where the inverse coefficient is -1, and the number of 
output bits of the integrator 22 is 12. In this case, the 
integrated signal Za takes a value in the range of -2048 
to +2047. If the compensation coefficient OB is set to 1 2 
bits (OB= 2048), which is the number of output bits of 
the integrator 22, the value of -Za+OB outputted from 
the adder 38 falls within the range of 0 to +4095. 
[0079] If the output Za from the integrator 22 indicates 
0, the value of -Za+OB outputted from the adder 38 falls 
within the range of +2048 (OB). If the error signal SE 
has a negative value, -Za+OB falls within the range of 
0 to +2047. If the output Za is indicates a positive value, 
-Za+OB falls within the range of +2049 to +4095. As 



such, correct gain control can be achieved according to 
the average level of the digital broadcast wave RF. 
[0080] In other words, when a predetermined time has 
passed and the outputs from the integrator 22 become 
converged, the signal indicating any one of the following 
three values is supplied to the RF/IF gain control signal 
generator 25 according to the average level of the digital 
broadcast wave RF, where the number of output bits of 
the integrator 22 is 12. 

[0081] Firstly, the output from the integrator 22 has a 
positive value if the average level of the digital broadcast 
wave f?Fis higher than the reference value R set in the 
reference value provider 17. Therefore, the RF/IF gain 
control signal generator 25a receives a value of less 
than 2048. 

[0082] Secondly, the RF/IF gain control signal gener- 
ator 25a receives a value of 2048 if the average level of 
the digital broadcast wave RF '\s equal to the reference 
value R. 

[0083] Thirdly, the RF/IF gain control signal generator 
25a receives a value of equal to or larger than 2049 if 
the average level of the digital broadcast wave RF is 
lower than the reference value R. 
[0084] Shown in FIG. 4 is a relation between the RF 
level signal SLr and the IF level signal SL/' with respect 
to the signal (-Za+OB) supplied to the RF/IF gain control 
signal generator 25a. The vertical axis represents the 
level of the RF level signal SLr and the IF level signal 
SLi, while the lateral axis represents the value of inte- 
grated signal Za+OB supplied to the RF/IF gain control 
signal generator 25a. A solid line LR represents the RF 
level signal SLr, while a dotted line /./represents the IF 
level signal SLi. X1 and X2 on the lateral axis indicate 
values of Za+OB when the characteristic of the RF and 
IF level signal SLr change. 

[0085] In FIG. 4, the IF level signal SLi increases at a 
predetermined rate while the value of Za+OB increases 
from 0 to X1 . That is, the dotted line LI extends having 
a predetermined gradient ail Between X1 and X2, the 
level signal SLi has a constant value. Then, from X2 to 
4095, the level signal SLi again increases having the 
predetermined gradient aif. 

[0086] On the other hand, the RF level signal SLr is 
constant at 0 and does not change while the value of 
Za+OB increases from 0 to X1 . That is, the solid line LR 
extends having a gradient of 0. Between X1 and X2, the 
level signal SLr increases at a predetermined rate, and 
then reaches 4095 at X2. Then, from X2 to 4095, the 
level signal SLr is constant at 4095 without change. 
[0087] The characteristic of the RF level signal SLr 
typified by the solid line LR is represented by the follow- 
ing equations (1), (2) , (3) , (4) . and (5) . while the char- 
acteristic of the IF level signal SLi typified by the dotted 
line Z_/is represented by the following equations (6), (7), 
(8), (9), and (1 0). Note that, in the following equations, 
y corresponds to the vertical axis in FIG. 4, that is, the 
RF and IF level signals SLr and SLi. And, ^corresponds 
to the lateral axis in FIG. 4, that is. the value of integrated 
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signal Za+OB supplied to the RF/IF gain control signal 
generator 25a. In the following description as to FIG. 4, 
the value of the signal -Za+OB supplied to the RF/IF 
gain control signal generator 25a is simply referred to 
as "value x", and the values of the RF and IF level sig- 
nals SLr and SLi are simply referred to as "value y", for 
convenience. Also note that "brf"\n the following equa- 
tions (2) and (1 2) and "bif in the following equations (8) 



and (18) are constants. 

y= 0 (X1 ^ X) (1) 

y=arf*x+brf (2) 

y=4095 (x> X2) (3) 

art =4095/(X2-X1) (4) 

drf=-4095»X1/(X2-X1) (5) 

y=aif*x(M ^ x) (6) 

y = aif*X J \ (X2 i= x>X1) (7) 

y = aif*x + bif(x>X2) (8) 

aif= 4095/(4095 + X1 - X2) (9) 

bif = (X1 - X2)/(4095 + X1 - X2) (1 0) 



[0088] Described next are changes in the RF and IF 
level signals SLr and SLi when the digital broadcast 
wave RF'is gradually increased from a relatively low lev- 
el. When the digital broadcast wave RF is at a minimum 
level, the value xsupplied to the RF/IF gain control sig- 
nal generator 25a takes a maximum value, that is, 4095, 
and the RF and I F level signals SLrand SL/ both become 
maximum, that is, 4095. Then, as the input level of the 
digital broadcast wave HFgradually increases, the val- 
ue x is gradually decreased 

[0089] Where X2 < x ^ 4095, the RF level signal SLr 
becomes constant at 4095 according to the above equa- 
tion (3). The IF level signal SLi becomes gradually de- 
creased from 4095 according to the above equation (8). 
[0090] As the RF input signal is further increased to 
satisfy X1 < x ^ X2, the IF level signal SLi becomes 
constant at y = aif* X1 according to the above equation 
(7) (here, according to the above equation (9), aif = 



4095/(4095 + X1 - X2)). Then, the RF level signal SLr 
is gradually decreased from 4095 according to the 
above equation (2). 

[0091] As the RF input signal (-Za+OB) is further in- 

5 creased to satisfy 0 < x ^ X1 , the RF level signal SLr 
becomes constant at 0 according to the above equation 
(1). The IF level signal SLi becomes gradually de- 
creased from y = aif • x (aif = 4095/(4095 + X1 - X2)) 
according to the above equation (6). 

10 [0092] Note that, as described above, the RF level 
signal SLr is modulated in pulse width by the PWM 42r, 
converted into a DC voltage through the LPF 43r, and 
then used as the RF AGC signal S>4Grfor controlling 
the RF automatic gain controller 2. Also as described 

15 above, the IF level signal SLils modulated in pulse width 
by the PWM 42/', converted into a DC voltage through 
the LPF 43/, and then used as the IF AGC signal SAGi 
for controlling the IF automatic gain controller 5. 
[0093] Shown in FIG. 5 are changes in gain of the RF 

20 automatic gain controller 2 and the IF automatic gain 
controller 5 with respect to the digital broadcast wave 
RF in the present AGC apparatus. In FIG. 5, the vertical 
axis VA represents attenuation (dB) from maximum 
gain, while the lateral axis LRF represents the level of 

25 the digital broadcast wave RF. A sol id line LR represents 
the attenuation of the RF automatic gain controller 2. 
while a dotted line /./represents the attenuation of the 
IF automatic gain controller 5. 

[0094] As is evident from the drawing, when the input 
30 level (LRF) is -50dBm, the attenuation (LR) of the RF 
automatic gain controller 2 is 29dB, which is 4dB higher 
that of the conventional AGC apparatus AGC (25dB, re- 
fer to FIG. 1 8). This means that the signal supplied to 
the mixer 3 is 4dB lower in level than that of the conven- 
es tional AGC apparatus AGC. That is, the AGC apparatus 
of the present embodiment can advantageously im- 
prove, by 4dB, the capability of suppressing adjacent- 
channel interference, which is degraded at the mixer 3 
by intermodulation-distortion interference intheconven- 
40 tional AGC apparatus AGC. 

[0095] Moreover, in the present embodiment, when 
the input level (LRF) is -1 OdBm, the attenuation (LR) of 
the RF automatic gain controller 2 is 65dB, which is 6dB 
higher than that of the conventional AGC apparatus 
45 AGC (59dB, refer to FIG. 1 8). This means that the signal 
supplied to the mixer 3 is 6dB lower in level than that of 
the conventional AGC apparatus AGC That is, the AGC 
apparatus of the present embodiment can advanta- 
geously improve the capability of suppressing intermod- 
50 ulation-distortion interference that occurs in the mixer 3 
at a high electric field. 

[0096] Next, with reference to FIGS. 6, 7, 8, and 9, 
one example modification of the above AGC apparatus 
AGCa is described. An AGC apparatus AGCa ' accord- 
55 jng to the present example modification is similar in 
structure to the AGC apparatus AGCa except that the 
RF/IF gain control signal generator 25a is replaced by 
an RF/IF gain control signal generator 25a'. Therefore, 
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the structure of the AGC apparatus AGCa' is not de- 
scribed and illustrated in any drawing herein. However, 
the operation of the RF/IF gain control signal generator 
25a' is slightly different from that of RF/IF gain control 
signal generator 25a, and therefore is now described 
below. 

[0097] With reference to FIG. 6, the operation of the 
RF/IF gain control signal generator 25a 1 is described. In 
FIG. 6, as with FIG. 4 referred to the above, a relation 
between the RF level signal SLr and the IF level signal 
SLi with respect to the signal (-Za+OB) supplied to the 
RF/I F gain control signal generator 25a'. The vertical ax- 
is represents the level of the RF level signal SLrand the 
IF level signal SLi, while the lateral axis represents the 
value of integrated signal Za+OB supplied to the RF/IF 
gain control signal generator 25a. A solid line LR repre- 
sents the RF level signal SLr, while a dotted line LI rep- 
resents the IF level signal SLi. 

[0098] As is evident from the drawing, in the RF/IF 
gain control signal generator 25a', the value x, which is 
an input value of the RF/I F gain control signal generator 
25a', is set to satisfy X3 < x ^ X4 in a range where the 
RF level signal SLr is changed, while X4 < x^ 4095 and 
x^ X3 in a range where the RF level signal SLr is kept 
constant. Also, the value x, is set to satisfy X4 < x ^ 
4095 and x ^ X5 in a range where the IF level signal 
SLi is changed, while X5 < x ^ X6 in a range where the 
IF level signal SLi is kept constant. 
[0099] As to the relation between the RF and IF level 
signals SLrand SL/with respect to the input in the above 
RF/IF gain control signal generator 25a 1 , when the RF 
level signal SLr is constant (in the drawing, X4 < x ^ 
4095 and x ^ X3), the IF level signal SLi is changed. 
When the IF level signal SLi is constant (in the drawing, 
X5 < x< X6), the RF level signal SLr is changed. Where 
X3 < x^ X5 and X6 < x^ X4, the RF and I F level signals 
SLrand SLi are changed both. Therefore, the RF/IF gain 
control signal generator 25a controls them interrelated 
to each other while the RF/I F gain control signal gener- 
ator 25a' can separately control the RF and IF level sig- 
nals SLrand SLi. 

[0100] In the RF/IF gain control signal generator 25a', 
the characteristic of the RF level signal SLr typified by 
the solid line LR is represented by the following equa- 
tions (11), (12), (13), (14), and (15), while the character- 
istic of the IF level signal SLi typified by the dotted line 
LI is represented by the following equations (16). (17), 
(18), (19), and (20). 

y=0(X3^x) (11) 



y = aif*x + brf{XA i= x>X3) (12) 



y = 4095 (x> X4) (13) 



arf= 4095/(X4-X3) (14) 



brf = -4095 • X3/(X4 - X3) (1 5) 



y-a/T«x(X5 ^ x) (16) 

10 

y = aif*X5 (X6 i= x > X5) (17) 



y = aif*x + bif(x>X6) (18) 

15 

aif= 4095/(4095 + X5 - X6) (1 9) 



2Q bit = (X5 - X6)/(4095 + X5 - X6) (20) 

[0101] With reference to FIG. 6, described next are 
the states of the RF and IF level signal SLr and SLi in 
the present example modification when the digital 

25 broadcast wave RF'\s gradually increased from a rela- 
tively low level. Also in FIG. 6, as with FIG. 4, the vertical 
axis represents the level of the RF level signal SLrand 
the IF level signal SLi, while the lateral axis represents 
the value of integrated signal Za+OB supplied to the RF/ 

30 IF gain control signal generator 25a'. A solid line LR rep- 
resents the RF level signal SLr, while a dotted line LI 
represents the IF level signal SLi. X3 and X4 on the lat- 
eral axis indicate values of Za+OB when the character- 
istic of the RF level signal SLr changes, while X5 and 

35 X6 thereon indicate values of Za+OB when the charac- 
teristic of the IF level signal SLi changes. 
[0102] When the digital broadcast wave RF is at a 
minimum level, the value x supplied to the RF/IF gain 
control signal generator 25a' takes a maximum value, 

40 that is, 4095, and the RF and IF level signals SLrand 
SLi both become maximum, that is ; 4095. Then, as the 
input level of the digital broadcast wave RF gradually 
increases, the value xsupplied to the RF/IF gain control 
signal generator 25a 1 is gradually decreased. Where X4 

45 < x ^ 4095, the RF level signal SLr becomes constant 
at 4095 according to the above equation (13). The IF 
level signal SLi becomes gradually decreased from 
4095 according to the above equation (18). 
[0103] As the digital broadcast wave f?Fis further in- 

50 creased to satisfy X6 < x ^ X4, the RF level signal SLr 
becomes gradually decreased from 4095 according to 
the above equation (12), and the IF level signal SLi also 
becomes gradually decreased according to the above 
equation (18). In short, the RF and IF level signals SLr 

55 and SLi are both changed in a range X6 <x ^ X4. As 
the digital broadcast wave RF\s further increased to sat- 
isfy X5 < x^ X6, the RF level signal SLr is further grad- 
ually decreased according to the above equation (12). 
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The IF level signal SLi becomes constant aty= aif* X5 
(here, aif = 4095/(4095 + X5 - X6)) according to the 
above equation (17). 

[0104] As the digital broadcast wave RF'\s still further 
increased to satisfy X3 < x ^ X5, the RF level signal SLr 5 
is further gradually decreased according to the above 
equation (12) , and the IF level signal SLi also becomes 
gradually decreased from y = aif» X5 (here, a/7 = 4095/ 
(4095 -i- X5 - X6) ) according to the above equation (1 6). 
In short, the RFand IF level signals SLrand SL/areboth 10 
changed in a range X3 < X5. As the digital broadcast 
wave RF\s still further increased to satisfy 0 < x ^ X3, 
the RF level signal SLrbecomes constant at 0 according 
to the above equation (11), and the IF level signal SLi is 
further gradually decreased according to the above 15 
equation (16). 

[0105] With reference to FIG. 7, described is attenu- 
ation characteristics of the RF automatic gain controller 
2 and the IF automatic gain controller 5 with respect to 
the input level of the digital broadcast wave RF in the 20 
present invention if X4 = X6. 

[0106] Due to variations in quality of the tuner 30, the 
(gain) attenuation of the RF automatic gain controller 2 
is varied according to the tuner 30, in some cases. For 
example, in the conventional AGC apparatus AGC, the 25 
maximum attenuation of the RF automatic gain control- 
ler 2 is 51 dB as shown in FIG. 9, and 65dB as shown in 
FIG. 1 9. Also in the AGC apparatus AGCa of the present 
embodiment, the maximum attenuation thereof is 51 dB 
as shown in FIG. 9, and 65dB as shown in FIG. 5. 30 
[0107] In the above AGC apparatus AGCa, if the at- 
tenuation of the RF automatic gain controller 2 in the 
tuner 30 is varied, the RF/IF gain control signal gener- 
ator 25a has to carry out control in accordance with the 
minimum attenuation of the RF automatic gain controller 35 
2, as shown in FIG. 8. That is, even if the RF automatic 
gain controller 2 is capable of carrying out attenuation 
up to 65dB as shown in FIG. 5, the values of X1 and X2 
in FIG. 4 have to be determined in accordance with the 
minimum attenuation of 51 dB as shown in FIG. 9. 40 
[0108] Consider a case where the values of X1 and 
X2 shown in FIG. 4 are determined based on the as- 
sumption that the attenuation of the RF automatic gain 
controller 2 is 65dB as shown in FIG. 5 and does not 
varied. In this case, in the range X1 < x ^ X1 1 where the 45 
RF level signal SLr is changed as shown in FIG 4, the 
actual attenuation of the automatic gain controller 2 of 
the tuner 30 varied in quality is slightly over 51 dB, but 
then plateaued at51dB. 

[0109] That is , X1 < x ^ X1 1 shown in FIG. 4, there 50 
exists a problem that no change is observed in both of 
the attenuations of the RF automatic gain controller 2 
and the IF automatic gain controller 5. Furthermore, 
when the values of X1 and X2 shown in FIG. 4 are de- 
termined, based on the assumption that the attenuation 55 
of the RF automatic gain controller 2 is 65dB as shown 
in FIG. 5 and does not vary, the tuner 30 whose atten- 
uation of the RF automatic gain controller 2 is over65dB 



has to be selected, leading to an increase in cost of the 
tuner 30. 

[0110] In the example embodiment as shown in FIG. 
6, if the RF/IF gain control signal generator 25a sepa- 
rately controls the RF level signal SLrand IF level signal 
SLi, such problems as described above in the first em- 
bodiment can be solved. More specifically, as shown in 
FIG. 7, the RF and IF automatic gain controller 2 and 5 
both operate in the range of -25dBm to -10dBm of the 
digital broadcast wave RF With such operation, the at- 
tenuation of the RF automatic controller 2 is 29dB at 
-50dBm of the digital broadcast wave RF This attenua- 
tion is 4dB larger than that in the conventional AGC ap- 
paratus AGC shown in FIG. 14, that is , 25dB. That is, 
in the present invention, the level of the signal supplied 
to the mixer 3 is 4dB lower than that of the conventional 
apparatus, thereby improving, by 4dB, the capability of 
suppressing adjacent-channel interference at the mixer 
3 due to intermodulation-distortion interference. 
[0111] Further, the attenuation of the RF automatic 
gain controller 2 at -10dBm of the digital broadcast wave 
RF is 59dB. as shown in FIG. 18, in the conventional 
example shown in FIG. 14, while 62dB in the present 
embodiment. That is, the level of the signal supplied to 
the mixer 3 is 3dB lower than that of the conventional 
apparatus, thereby improving, by 3dB, the capability of 
suppressing the intermodulation-distortion interference 
degraded at the mixer. 

(Second embodiment) 

[0112] With reference to FIGS. 10 and 11, described 
below is the AGC apparatus of the second embodiment 
of the present invention. Prior to that, the basic concept 
of the AGC apparatus according to the second embod- 
iment is first described. The characteristics of the AGC 
apparatus AGCa according to the first embodiment 
shown in FIG. 4 can be originally achieved if the param- 
eters X1 and X2 in the above equations (1), (2), (3), (4), 
(5), (6), (7), (8), (9), and (10) are known. However, in 
addition to these parameters X1 and X2, the gradients 
art and aif, and points of intersection of the RF and IF 
level signals and the y axis brf and bit are required. 
Therefore, it is obvious from the equations (4), (5), (9), 
and (10) that dividers are required. 
[0113] As long as these parameters X1 , X2, art. and 
aif are known, the characteristics shown in FIG. 4 can 
be achieved without using such dividers. Therefore, if 
any parameter setting means such as a microcomputer 
that can provide and set these parameters is added, the 
desired gain characteristics can be realized without re- 
quiring dividers. 

[0114] An AGC apparatus AGCb according to the 
present embodiment is similar in structure to the AGC 
apparatus AGCa, except that an AGC signal generator 
SGb is provided in place of the AGC signal generator 
SGa, and a microcomputer is newly added. The AGC 
signal generator SGb is similar in structure to the AGC 
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signal generator SGa, except that an RF/IF gain control 
signal generator 25b is provided in place of the RF/IF 
gain control signal generator 25a. A microcomputer 37 
is provided as meansfor providing and setting the above 
stated parameters X1 , X2, art, and aif to the AG C signal 5 
generator SGb. Therefore, the structure and operation 
similar to that of the AGC apparatus AGCa are not de- 
scribed herein, and only the RF/IF gain control signal 
generator 25b unique to the present embodiment is de- 
scribed herein. 10 
[0115] With reference to FIG. 11 , the RF/IF gain con- 
trol signal generator 25b is described. The RF/IF gain 
control signal generator25b mainly includes an RF level 
signal generator Urtox generating an RF level signal SLr 
and an IF level signal generator Ltffor generating an IF is 
level signal SLi. Such signal generation in both of the 
generators are based on the input from the level con- 
verter LC. 

[0116] The RF level signal generator Ur includes a 
subtractor 47, a comparator 48, a 0-value provider 49, 20 
a switch 50, a multiplier 51 , and a clipping circuit 52. The 
subtractor 47 is connected to the adder 38 of the level 
converter LC and to the microcomputer 37. The subtrac- 
tor 47 subtracts X1 supplied by the microcomputer 37 
from the -Za+OBsupplied by the level converter LC, and 25 
generates -Za+OB-X1 . 

[01 1 7] From a value x of -Za+OB supplied to the RF/ 
IF gain control signal generator 25b, X1 is subtracted by 
the subtractor 47, and -Za-i-OB-X1 is generated. The 
comparator 48 determines whether the value (level) of 30 
-Za+OB-XA outputted from the subtractor 47 is equal to 
or smaller than 0, and generates a first level decision 
signal Ssw1. The switch 50 is connected to an output 
port of the 0-value provider 49, an output port of the sub- 
tractor 47, and an output port of the comparator 48. The 35 
switch 50 selects, based on the first level decision signal 
Ssw1 outputted from the comparator 48, either one of 
the output ports of the subtractor 47 and the 0-value pro- 
vider 49, and then connects the selected one to an input 
port of the multiplier 51 . 40 
[0118] As a result, the multiplier 51 receives either 
one of - Za+OB-X\ supplied by the subtractor 47 and a 
value of 0 provided by the 0-value provider 49. In more 
detail, if the output of the subtractor 47 is equal to or 
smallerthan 0, the switch 50 outputs the value of 0, and 45 
otherwise, the switch 50 outputs the same value output- 
ted from the subtractor 47. The output value from the 
switch 50 is multiplied by a/fin the multiplexer 51 . If the 
multiplication result is larger than 4095, the result (the 
output value from the multiplier 51 ) is clipped, and a val- 50 
ue of 4095 is outputted as the RF level signal SLrb. 
[0119] As to the above equation (1), when X1 . the 
value of 0 is outputted from the multiplier 51, goes 
through the multiplier 51 and the clipping circuit 52, and 
the resultant RF level signal SLrb becomes 0. As to the 55 
above equations (2), (3), (4), and (5), when X1 < x ^ 
X2, the output value x-X1 from the subtractor 47 is out- 
putted from the switch 50, and art* (x-X1) is outputted 
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from the multiplier 51 . From the clipping circuit 52, art • 
(x-X1), that is, art »x+ brf=arf* (x-X1) in the above (1), 
(2), (3), (4), and (5), is outputted. When X2 ^ x, the out- 
put value from the subtractor 47 is outputted from the 
switch 50, art* (x-X1) is outputted from the multiplier 51 , 
and a value obtained by clipping art* (x-X1), that is, 
4095, is outputted from the clipping circuit 52. 
[0120] The IF level signal generator L//includes a sub- 
tractor 53, a comparator 54, (in FIG. 11, denoted as "> 
X2"), a comparator 55 (in FIG. 11, denoted as "> X1"), 
an inverter 56, a multiplier 57, a multiplier 58, an adder 
59, a switch 60, a switch 61 , an AND circuit 62, and a 
switch 63. 

[0121] Fromthe input value xof the RF/IF gain control 
signal generator 256, X2 is subtracted by the subtractor 
53, and - Za+OB-X2 is generated. The comparator 54 
determines whether the value (level) of -Za+OB-X2 is 
larger than X2, and generates a second level decision 
signal Ssw2. The switch 63 is connected to an output 
port of the adder 38, an output port of the subtractor 53, 
and an output port of the comparator 54. The switch 63 
selects, based on the second level decision signal Ssw2 
outputted from the comparator 54, either one of the out- 
put ports of the adder 38 and the subtractor 53, and then 
connects the selected one to an input port of the multi- 
plier 57. 

[0122] That is, if the value x (-Za+OB) supplied to the 
RF/IF gain control signal generator 25b is larger than 
X2, the switch 63 outputs the output value x-X2 (- 
Za+OB-X2) from the subtractor 53. If the value x is equal 
to or smaller than X2, the switch 63 outputs, to the mul- 
tiplier 57, the input value x (-Za+OB) to the RF/IF gain 
control signal generator25b. The multiplier 57 multiplies 
the output value x {-Za+OB or -Za+OB-X2) by a/Tfrom 
the microcomputer 37 to generate (-Za+OB) • a/for (- 
Za+OB-X2) • ail 

[0123] The multipliers multiplies X1 by aif, both sup- 
plied by the microcomputer 37 to generate aif* X1 . The 
adder 59 adds the (-Za+OB) • aif ox (-Za+OB-X2) • aif 
supplied by the multiplier 57 to aif* X1 supplied by the 
multiplier 58 to generate (-Za+OB+X^ • aif ox {-Za+OB- 
X2+X1)»a/f 

[0124] The switch 60 is connected to an output port 
of the multiplier 57, an output port of the adder 59, and 
the output port of thecomparator54, and also to an input 
port of the switch 61 . The switch 60 outputs to the input 
port of the switch 61 , based on the second level decision 
signal Ssw2 supplied by the comparator 54, either one 
of (-Za+OSfX1 ) • aif and (-Za+OB-X2+X1) • a/fsupplied 
by the adder 59 or either one of (-Za+OB) • aif or (- 
Za+OS-X2) • a/f supplied by the multiplier 57. 
[0125] That is, if the value x (-Za+OB) supplied to the 
RF/IF gain control signal generator 25b is larger than 
X2, the switch 60 outputs (-Za+OB-X2+X1 ) • aif. If the 
value x is equal to or smaller than X2, the switch 60 out- 
puts (-Za+OB) • aif. 

[0126] Furthermore, the comparator 55 determines 
whether the value x (-Za+OB) outputted fromthe adder 
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38 is larger than X1 , and generates a fourth level deci- 
sion signal Ssw4 to the AND circuit 62. The inverter 56 
inverts the second level decision signal Ssw2 into a third 
level decision signal Ssw3, and outputs it to the AND 
circuit 62. 

[0127] When the value x (-Za+OB) outputtedfrom the 
adder 38 is larger than X1 . the fourth level decision sig- 
nal Ssw4 = 1 . When x ^ X2, Ssw4 = 0. When x ^ X2, 
the second level decision signal Ssw2 = 0, and the third 
level decision signal Ssw3= 1 . When x> X2, the second 
level decision signal Ssw2 = 1 , and the third level deci- 
sion signal Ssw3 = 0. That is. if X1 < x ^ X2, the output 
from the AND circuit 62, that is, a fifth level decision sig- 
nal Ssw5 becomes 1, and otherwise, becomes 0. 
[0128] The switch 61 is connected to the output port 
of the multiplier 58, an output port of the switch 60, and 
an output port of the AND circuit 62. The switch 61 out- 
puts, based on the fifth level decision signal Ssw5 out- 
putted from the AND circuit 62, aif »X1 or either one of 
(-Za+OB) * a/f and (-Za+OB-X2+X1) • a/Toutputted from 
the switch 60, as the IF level signal SLib, to the PWM 42/. 
[0129] That is, when the value x (-Za+OB) supplied to 
the RF/IF gain control signal generator 25/? satisfies X1 
< x^ X2, the switch 61 outputs a/Y*X1 outputted to the 
multiplier 58 as the IF level signal SLib. When X1 
or X2 < x, the switch 61 outputs as the IF level signal 
SLib either one of (-Za+OB) * a/7 and (-Za+OB-X2+X1 ) 
• aif outputted from the switch 60. 
[0130] In other words, in the equations (5), (6), (7), 
(8), and (9), when x^ X1 , the switch 63 outputs the input 
value x (-Za+OB) itself. Then, the multiplier 57 outputs 
aif* (-Za+OB). After going though the switches 60 and 
61 , the IF level signal SLib becomes air* x. 
[0131] In the equations (1), (2), (3), (4), and (5), when 
x> X2, the switch 63 outputs the output value -Za+OB- 
X2 from the subtractor 53. Then, the multiplier 57 out- 
puts aif* (-Za+OB-X2) , and then the adder 59 outputs 
aif* (-Za+OB-X2+X1). After going though the switches 
60 and 61, the IF level signal SLib becomes aif* (- 
Za+OB-X2+X1). 

[0132] As described in the foregoing, the AGC appa- 
ratus AGCb is so structured as follows: The values of 
X1 and X2 are determined in advance. Based on X1 , 
X2, and also the equations (4) and (9), art and aif are 
derived. These parameter X1 , X2, art, and aif are then 
provided from the microcomputer 37 through an IC bus 
to the RF/IF gain control signal generator 25b in the 
AGC signal generator SGb. Consequently, no divider is 
required for structuring the RF/IF gain control signal 
generator 25b, thereby reducing the circuit size. 
[0133] With reference to FIGS. 12 and 13, an example 
modification of the AGC apparatus AGCb according to 
the above second embodiment is described. As with the 
AGC apparatus AGCb, an AGC apparatus of the exam- 
ple modification achieves the characteristics shown in 
FIG. 6 without using dividers. That is, the characteristics 
of the AGC apparatus AGCa shown in FIG. 6 can be 
realized as long as the parameters X3 and X4 in the 



equations (11), (12), (13), (14), and (15) andtheparam- 
eters X5 and X6 in the equations (16), (17), (18), (19), 
and (20) are known. 

[0134] However, in addition to these parameters X3, 

5 X4, X5, and X6, required are the gradients art and aif 
and points of intersection of the RF and IF level signals 
and they axis brfand bif 'm the equations (12), (14), (15), 
(16), (17), (18), (19), and (20). Therefore, it is obvious 
from the equations (1 4), (15), (1 9), and (20) that dividers 

10 are required. As long as the parameters X3, and airfare 
known, the characteristic of the RF/IF gain control signal 
generator input to the RF level signal can be obtained. 
Also, as long as the parameters X5, X6. and aif are 
known, the characteristic of the RF/IF gain control signal 

15 generator input to the IF level signal can be obtained. 
Therefore, if any parameter setting means such as a mi- 
crocomputer that can provide and set these parameters 
is added, the desired gain characteristics can be real- 
ized without requiring dividers. 

20 [0135] Illustrated in FIG. 13 is the processing in the 
components of an RF/IF gain control signal generator 
25b structured in the above manner, and the operation 
of these components is briefly described below. An AGC 
apparatus AGCb' according to the example embodi- 
es ment is similar in structure and operation to the AGC 
apparatus AGCb, except that the parameters X3, X5, 
andX6 are set by the microcomputer. However, the sub- 
tractor 47 of the AGC apparatus AGCb' is provided with 
X3 instead of X1 , the subtractor 53 is provided with X6 

30 instead of X2, and the multiplier 58 is provided with X5 
instead of X1 . As a result, a comparator 54c is replaced 
by the comparator 54, and a comparator 55c is by the 
comparator 55. Note that, when the value x (-Za+OB) 
supplied by the adder 38 is larger than X5, the fourth 

35 level decision signal Ssw4 = 1 . When x ^ X5, Ssw4 = 
0. When x^ X6, Ssw2= 0 ; and Ssw3= 1 . When x> X6, 
Ssw2 = 1 , and Ssw3 = 1 . When X5 < x or x ^ X6, the 
fifth level decision signal Ssw5 from the AND circuit 62 
becomes 1 . When X6< xorxi X5, Ssw5 = 0. 

40 [0136] As with the RF/IF gain control signal generator 
25b, in the RF/IF gain control signal generator 25b, the 
multiplier 35, the subtractor 53, and the multiplier 58 find 
art and a/Tbased on the X3 ; X5, and X6 provided by the 
microcomputer 37, by using the equations (14) and (19). 

45 Then, X3, X5, and X6 provided through the IC bus by 
microcomputer 37 and the found arf and a/Tare trans- 
ferred to the RF/IF gain control signal generator 25b. 
Consequently, no divider is required for structuring the 
RF/IF gain control signal generator 25b, thereby reduc- 

50 ing the circuit size. 

[0137] As described in the foregoing, in the present 
invention, if the gain of the RF automatic gain controller 
is attenuated, the gain of the IF automatic gain controller 
is made constant, and vice versa. Therefore, the capa- 

55 bilities of suppressing adjacent-channel interference 
and intermodulation-distortion interference can be im- 
proved in consideration of variations in quality of the tun- 
er. Moreover, the parameters required forthe RF/IF gain 
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control signal generator that determine the operation of 
the RF and IF automatic gain controller are set by the 
microcomputer. Thus, the circuit size can be reduced. 
[0138] While the invention has been described in de- 
tail, the foregoing description is in all aspects illustrative 
and not restrictive. It is understood that numerous other 
modifications and variations can be devised without de- 
parting from the scope of the invention. 



Claims 

1. An automatic gain control apparatus (AGCa, 
AGCb), comprising: 

an RF automatic gain controller (2) for control- 
ling gain of a radio frequency signal (Srfa, Srfb), 
a frequency converter (3 ; 4) for frequency-con- 
verting said radio frequency signal (Srfa, Srfb) 
into an intermediate frequency signal (Sifa, 
Sifb) ; 

an IF automatic gain controller for controlling 
gain of said intermediate frequency signal (Sifa, 
Sifb) ; 

a level detector (LDa, LDb) for detecting a sig- 
nal level of the intermediate frequency signal 
(Sifa, SMAa, SMDa. Sifb, SMAb, SMDb) with 
said gain controlled, and generating a level sig- 
nal (SLa, SLb); and 

an automatic gain control signal generator 
(SGa, SGb) for generating, based on said level 
signal (SLa, SLb) , an RF automatic gain con- 
trol signal (SAGra, SAGrb) for controlling said 
RF automatic gain controller and an IF auto- 
matic gain control signal (SAGia, SAGib) for 
controlling said IF automatic gain controller, to 
separately control the RF automatic gain con- 
troller and the IF automatic gain controller. 

2. The automatic gain control apparatus (AGCa) ac- 
cording to claim 1 , wherein 



tomatic gain control signal generator (SGa) fix- 
es the gain of said RF automatic gain controller 
(2) to a second predetermined value, and 
changes the gain of said IF automatic gain con- 
5 trailer (5). 

3. The automatic gain control apparatus (AGCb) ac- 
cording to claim 1 , wherein 



10 if said level signal (SLb) indicates a level equal 

to or lower than a third predetermined level, 
said automatic gain control signal generator 
(SGb) fixes the gain of said RF automatic gain 
controller (2) to a maximum value, 

15 if said level signal (SLb) indicates a level higher 

than said third predetermined level and equal 
to or lower than a fourth predetermined level, 
the automatic gain control signal generator 
(SGb) changes the gain of said RF automatic 

20 gain controller (2), 

if said level signal (SLb) indicates a level higher 
than said fourth predetermined level, the auto- 
matic gain control signal generator (SGb) fixes 
the gain of said RF automatic gain controller (2) 

25 to a third predetermined value, 

if said level signal (SLb) indicates a level equal 
to or lower than a fifth predetermined level, the 
automatic gain control signal generator (SGb) 
changes the gain of said IF automatic gain con- 

30 trailer (5), 

if said level signal (SLb) indicates a level higher 
than said fifth predetermined level and equal to 
or lower than a sixth predetermined level, the 
automatic gain control signal generator (SGb) 

35 fixes the gain of said I F automatic gain control- 

ler (5) to a fourth predetermined value, and 
if said level signal (SLb) indicates a level higher 
than said sixth predetermined level, the auto- 
matic gain control signal generator (SGb) 

40 changes the gain of said IF automatic gain con- 

troller (5). 



if said level signal (SLa) indicates a level equal 
to or lowerthan a first predetermined level, said 
automatic gain control signal generator (SGa) 45 
fixes the gain of said RF automatic gain con- 
troller (2) to a maximum value, and changes the 
gain of said IF automatic gain controller (5), 
if said level signal (SLa) indicates a level higher 
than said first predetermined level and equal to 50 
or lower than a second predetermined level, 
said automatic gain control signal generator 
(SGa) fixes the gain of said IF automatic gain 
controller (5) to the first predetermined value, 
and changes the gain of said RF automatic gain 55 
controller (2), and 

if said level signal (SLa) indicates a level higher 
than said second predetermined level, said au- 



4. The automatic gain control apparatus (AGCb 1 ) ac- 
cording to claim 2, further comprising: 

a microcomputer (37) for setting the first and 
second predetermined levels (XI , X2) at which 
the gain of said RF automatic gain controller (2) 
and the gain of said IF automatic gain controller 
(5) is changed or fixed, a parameter (arf) indi- 
cating a gradient of the radio frequency signal 
to the RF automatic gain control signal (2) while 
the gain of said RF automatic gain controller is 
changed, and a parameter (ait) indicating a gra- 
dient of the radio frequency signal to the IF au- 
tomatic gain control signal while the gain of said 
IF automatic gain controller (5) is changed. 
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The automatic gain control apparatus according to 
claim 3, further comprising: 

a microcomputer for setting the third and fourth 
predetermined levels (X3, X4) at which the gain 5 
of said RF automatic gain controller (2) is 
changed or fixed according to said radio fre- 
quency signal (Srfb), the fifth and sixth prede- 
termined levels at which the gain of said I F au- 
tomatic gain controller (5) is changed or fixed 10 
according to said radio frequency signal (Srfb), 
a parameter (art) indicating a gradient of the ra- 
dio frequency signal to the RF automatic gain 
control signal while the gain of said RF auto- 
matic gain controller (2) is changed, and a pa- 15 
rameter (a/7) indicating a gradient of the radio 
frequency signal to the IF automatic gain con- 
trol signal while the gain of said IF automatic 
gain controller (5) is changed. 
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